ATER insoluble organic pigments presented by vat dyes were …… converted to the soluble leuco form through reduction using different reducing agents. The latter include Glucose, β-Cyclodextrin, sodium sulfoxylate formaldehyde (Rongalite C), and Redoxal Z reducing agent based on zinc sulfoxylate. The leuco form was then submitted to sudden oxidation using sodium perborate in presence of acetic acid under sonication. The obtained nano-sized pigment particles were used for printing cotton fabrics , and the color strength (K/S) of the prints were monitored. Results disclose that the K/S values for nanopigment prepared under Cyclodextrin reduction are nearly the same, if not higher than those obtained using sulfer-based reducing agents (Rongalate and Redoxal), while Glucose brings about the lowest K/S values. Four vat dyes have been used in the current work, and results of concern verify that the size of nanopigment obtained and the colour strength values (K/S) are manifestation of nature of the dye including molecular size and structure and molecular configuration. Regardless of the type of reducing agent used and/or the method of fixation, the highest K/S values are obtained with nanopigment dispersion prepared using 125g/L reducing agent at pH 7. Under these conditions, a homogeneous morphology with quite uniform particle size distribution in the range of 6-16 nm could be achieved vis-á-via 160-280nm for the blank Cibanon Golden Yellow RK vat dye.
Vat dyes are widely used on cellulosic fibres on which they exhibit characteristically excellent light and wet fastness properties (2, 6, 7) .
Vat dyes are insoluble in water. The dyes contain at least two conjugated carbonyl groups which, during their conventional application to cellulosic fibres, are converted by reduction under alkaline conditions to the corresponding, water soluble, 'alkali leuco' form which is applied to the substrate (8) (9) (10) . At the end, the alkali leuco form is oxidised, so as to regenerate the insoluble parent vat dye in situ within the fiber.
Pigment Form Leuco Form Vat Acid Form Water insoluble
Water soluble Water insoluble
In literature (10) ,the potential of vat dyes as organic pigments have been investigated. Polycyclic, perylenes and perinonones vat dyes, have the physical properties required to convert them into high performance pigments. Indanthrone (Pigment Blue 60) , dibromoanthanthrone (Pigment Red 168), and anthrapyrimidine (Pigment Yellow 108) , were all used as vat dyes, being Vat Blue 4, Vat Orange 3 and Vat Yellow 20, respectively, before they were used as pigments. However, organic pigments are difficult to be wetted and dispersed in aqueous media due to their low polarity and easy aggregation (11) .
Research in nanomaterials has addressed an issue to develop new colorant materials. Such is the case of nanopigments, which emerged as a novel type of pigment, with application mainly in polymeric materials, for coloring the polymer matrix to obtain coatings, however, its applications are growing faster and now it has been used for various types of substrates such as wood, paper, latex, glass, metals and textiles (12) .
The aim of this work is to combine the advantages of both dyes and pigments, converting vat dyes into nanosized organic pigments via sudden oxidation of the leuco form under ultrasonication and its application for textile printing. The nanostructure of the dye and its application via pigment printing technique bring a series of excellent properties: excellent color fastness, good ecological performance and process performance and non-selectivity to various fibers provide a broad market for the product application, and provide a strong technical support to transform the traditional printing and dyeing industry with nanotechnology. Also, this work bring the advantage of the nano-sized organic pigments regarding the fact that they can be considered an ecological alternative to contaminant colorants, in contrast to some traditional inorganic pigments that contained heavy metal in their structure. A: 40 g. dye, in a total volume of 1000 ml, reducing agent (rongalate) 125 g then the solution was sonicated for 15min in presence of non-ionic dispersing agent.
Experimental

Materials
B: The oxidation bath ( 2g sodium perborate and 10g/L acetic acid), added to A and sonication for 15 min.
Vat dye printing This is done according to the popular potash / Rongalite process. The following is the recipe which has been employed: a) Preparation of stock thickener:
1000 g *The thickening agent used was British gum (40%). b) Preparation of the printing paste:
The required amount of dyestuff was pasted with warm water and stirred well to make homogenous suspension paste. The previously prepared stock thickening was added into the paste and mixed thoroughly.
After printing and drying, the printed goods were subjected to fixation via steaming at 120°C for 15 min. The printed fabrics were rinsed and oxidized using 2g/L sodium perborate and 10 g/ L acetic acid (30%). After oxidation the fabrics were boiled for 5 min in an aqueous solution containing 2 g/l non-ionic detergent namely Hostapal CV and sodium carbonate (1g/L) , and cold water, air dried and assessed for K/S and overall fastness properties measurements.
Washing
After printing and fixation via microwave irradiation or thermo fixation the printed good were subjected to washing through five stages as follows: -Rinsing thoroughly with cold water -Treatment with hot water -Treatment at the near of boiling temperate with a solution containing 2g/l Aspkon.
-Washing with hot water -Rinsing with cold water -Finally the samples were dried and assessed for colour strength (K/S) measurement.
Characterization
The nanosized particles and surface morphology of the samples were observed by (TEM) transmission electron microscope (using JEOL JEM-1230 equipment operating at 120 kV with attached CCD camera).
Colour measurements
The colour strength of the printed samples , expressed as (K/S) and the shade (L, a, b, ΔE) have been evaluated by reflection spectroscopy with a Hunter lab Ultra Scan PRO spectrophotometer according to a standard method (13) .
Results and Discussion
As already stated, the concept, design and implementation of current innovation are exercised in a such that various factors affecting formation and characterization of nanosized particles derived from vat dyes, are highlighted. Hence, the chemical method advised for preparation of ultrafine (nano) pigment particles is performed under a variety of conditions for the sake of optimization. This method comprises three distinct steps: 1) reduction of the water insoluble vat dye to convert it to the water soluble leuco form, 2) quick and sudden oxidation of this water soluble leuco form of the vat dye under utrasonication, and 3) application of this obtained pigment nanoparticles to printing of cotton fabrics in presence and absence of binder. It is clear , therefore that our work would account for the effects of chemical structure of the vat dye, pH of the reduction medium, and type and conditions of reducing agent on the colour strength of the prints as elaborated under. Figure 1 shows the TEM image of the blank vat dye and of the obtained nano-pigment dispersion.
Effect of method of fixation
As evident, the nanopigment particles analyzed presented a homogeneous morphology with quite uniform particle size distribution as shown in Fig. 1 (b). The particle size diameters obtained were in the range of 20-40nm for the nanopigment (Fig. 1-a) compared to 160 -280nm for the blank vat dye ( Fig. 1-b ).
Printing pastes prepared using the nano-pigment dispersion of the vat dye Cibanon Golden Yellow RK have been used for printing cotton fabric using pigment printing technique in presence and absence of binder. Another printing paste containing the blank vat dye has been used for printing cotton fabric using the same technique. After printing the fabrics were subjected to fixation via either steaming or thermofixation as described in the experimental part. After washing , and drying, the colour strength values of the printed fabrics are set out in Table 1 .
Fig.1. TEM images of Cibanon Golden Yellow RK (a) blank dye, (b) prepared nanopigment emulsion
The data of Table 1 show that the K/S values of the vat dye printed fabrics fixed by steaming is higher than those of fabrics fixed thermally. This is in complete correlation with the conventional method of vat dye printing (2) . This is in contrast with the data of the prepared nano-pigment whose K/S values in case of thermofixation is higher than that of steaming. This phenomenon holds true in presence or absence of binder. Nevertheless, the K/S values obtained using binder in pigment printing paste is higher than those obtained without using binder. The K/S of fabrics fixed via thermofixation is 3.25 with binder and 2.65 without binder, compared to 3.10 with binder and 2.27 without binder in case of fixation by steaming. This is also in complete correlation with the conventional method of fixation of pigment printed fabrics (2) .
Effect of type of reducing agent
Until now, in most industrial processes vat dyes (i.e. indigo) are reduced by the conventional, most used reducing agents, sodium dithionite (sodium hydrosulfite), commonly known as hydro or sodium sulphoxylate formaldehyde (Rongalite C) , to attain a water soluble form of the dyestuff with affinity to the cellulosic fiber. These reducing agents cannot be recycled. Also, the disposal of rinsing water, containing excess dithionite, sulphite, sulphate, thiosulphate and toxic sulphide is heavily contaminated. These cause high costs and various problems with the effluent (high salt load, depletion of dissolved oxygen, problems with nasal nuisance, toxicity of sulphide, etc.).
In this context, many attempts (8, 14, 15) have been made to replace the environmentally unfriendly reduction and/or oxidation agents by ecologically more attractive such asreductants (e.g. Cyclodextrin and Glucose). and oxidants (e.g. sodium perborte and sodium persulphate). Table 2 shows the effect of type of reducing agent on the colouration properties of the fabrics printed using the nanopigment prepared using Rongalate, Redoxal, β-Cyclodextrin , and glucose as reducing agent.
The data (Table 2 ) reveal that, the K/S values of the printed fabrics depend on the type of reducing agent used in preparation of the nanopigment dispersion.
In most cases, the K/S values obtained for pigment prepared using Cyclodextrin are nearly the same if not higher than those obtained using sulfurbased reducing agents (Rongalate and Redoxal). While Glucose results in the lowest K/S values compared to other reducing agents.
This can be explained in terms of the weak reducing properties of glucose and the inclusion cavity of cyclodextrin. The dye molecule in leuco form is easily entrapped in cyclodextrin cavity lowering the molecular aggregation due to intermolecular van der Waals forces, ionic interactions and H-bonds. When these particles are suddenly oxidized to nanopigment ,the particle size will be reserved in the same size and will be more uniform. This is observed in the TEM images of nanopigment dispersions obtained using Cyclodextrin (Fig. 2) where the particles morpholology is homogeneous with particle size in the range of 15-20 nm.
Effect of reducing agent concentration
The data of Fig. 3 disclose that: regardless of the type of reducing agent used and/or the method of fixation, the highest K/S values are obtained using reducing agent concentration of 125g/L in the preparation of nnopigment dispersion. This phenomena holds true with or without using binder in the pigment printing paste. Figure 4 depicts that the pH of nanopigment dispersion has a significant effect on the colour strength values of the printed goods. Regardless of the type of reducing agent used and /or the method of fixation employed, the highest K/S values have been obtained for cotton fabrics printed using nanopigment dispersion of pH 7 with or without binder in the printing paste.
Effect of pH of nanopigment dispersion
TABLE 2. Effect of type of reducing agent on coloration properties of cotton fabric
printed using nanopigment prepared from Cibanon Golden Yellow RK . 
Fig. 2. TEM images of the Cibanon Golden Yellow RK nano-pigment emulsion
Fig. 3. Effect of concentration of reducing agent used in the preparation of the Cibanon Golden Yellow RK nanopigment dispaersion on the colour strength (K/S) of the printed cotton fabrics.
Fig. 4. Effect of pH of the of the Cibanon Golden Yellow RK nanopigment dispersion on the colour strength (K/S) of the printed cotton fabrics fixed via (a) Thermofixation , (b) Steaming
The higher colour strength at the pH 7 of the nanopigment dispersion may be attributed to the smaller particle size of the nanopigment obtained.
The TEM images of nanopigment dispersions prepared using either Redoxal or Cyclodextrin are represented in Fig. 5 and 6 , respectively.
The particle size diameters for the nanopigment obtained using Redoxal at pH 7 were in the range of 12-27nm (Fig. 5) , and 6-16 nm for nanopigment obtained using Cyclodextrin at pH7 (Fig. 6 ) compared to 15-20nm for the nanopigment dispersion previously studied (Fig. 2 ) and attain this size range at pH 9.
Fig. 5. TEM images of the Cibanon Golden Yellow RK nano-pigment emulsion
prepared using Redoxal as a reducing agent with nanopigment dispersion pH 7.
Fig. 6. TEM images of the Cibanon Golden Yellow RK nano-pigment emulsion prepared using Cyclodextrine as a reducing agent with nanopigment dispersion pH 7.
Effect of dye molecular structure Vat dyes can be classified in two groups, dyes derived from indigo and dyes derived from anthraquinone (2, 8, 15) . In this work, four vat dyes are used to study the effect of the dye molecular structure on the coloration properties of cotton fabrics printed using the prepared nanopigment dispersion at pH 7 and wih reducing agent concentration of 125g/L. Three of the vat dyes used (Cibanon Golden Yellow RK , Indanthrene Orange RK , and Novatic Red 3B) are from the anthraquinone group , and one dye (Farbanthren Blue CLF) from the indigo group. For the sake of comparison, another series of samples have been printed with the blank dyes using conventional vat dye printing recipe and fixation method. The colouration properties of the cotton fabrics printed using blank dye and nanopigment are given in Tables 3 and 4 respectively. Tables 3 and 4 imply that , regardless of the class of vat dye used; higher colour strength values and different shades are obtained for samples printed with the nanopigment compared to that of the blank vat dye printed samples.
The data of
However, the data (Tables 3, and 4) , show that the molecular structure of the dye has a great effect on the colour strength of the cotton fabrics printed using either the blank vat dye or its nanopigment dispersion. Table 4 shows that the K/S values obtained with nanopigment prepared using anthrequinone vat dyes are higher than those obtained with indigo vat dyes. The indigo vat dye, Farbanthren Blue CLF, has the lowest k/S values compared to other vat dyes used. This can be attributed to the more stability of the leuco form of anthraquinone vat dye by virtue of the electronic clouds of aromatic rings.
It has been previously reported in literature (16) , that the number of carbonyl groups in the vat dye affect the amount of reducing agent required to obtain the leuco form. This would explain the lower K/S values of the dye Novatic Red 3B which have four carbonyl groups, compared to K/S values for dyes; Cibanon Golden Yellow RK, and Indanthrene Orange RK; which have two carbonyl groups (Tables 3 and 4 ). With all these dyes ,the same amount of reducing agent was used. 3 and 4 ) indicate that the position of the electron withdrawing group (-Br) with respect to the carbonyl group has an effect on the stability of the dye leuco form. The conjucated position of the (-Br) group with respect to the carbonyl groups in Cibanon Golden Yellow RK results in more stability of the leuco form and hence higher K/S values of the vat dye printed fabrics. Also, this higher stability of the leuco form results in lower particle size of the nanopigment dispersion obtained via sudden oxidation of this leuco form.
Obviously, then, the size of nanopigment obtained is greatly affected by the dye class, and molecular structure of the vat dye .
Conclusion
-The conversion of several vat dyes into nano-sized organic pigment has been achieved chemically via sudden oxidation of vat dye leuco form obtained using different synthetic or natural reducing agents. -This study also investigated the use of the prepared nanopigment dispersion in printing cotton fabrics with pigment printing paste in presence or absence of binder using different methods of fixation. -Higher colour strength values and different shades are obtained with samples printed with the nanopigment compared to that of the blank vat dye printed samples. -The K/S values obtained in case of thermofixation of cotton fabrics printed using the prepared nanopigment dispersion are nearly the same if not higher than that of steaming. -In most cases, the K/S values obtained with pigment prepared using Cyclodextrin are nearly the same if not higher than those obtained using sulfurbased reducing agents (Rongalate and Redoxal). While Glucose results in the lowest K/S values compared to other reducing agents. -Regardless of the type of reducing agent used and/or the method of fixation, the highest K/S values are obtained with nanopigment dispersion prepared using 125g/L reducing agent at pH 7. -The nanopigment particles analyzed presented a homogeneous morphology with quite uniform particle size distribution in the range of 6-16 nm for the nanopigment prepared using 125g/l cyclodextrin as a reducing agent , at pH 7, compared to 160-280nm for the blank vat dye. -The size of nanopigment obtained and the colour strength values (K/S) are greatly affected by the dye class, and molecular structure of the vat dye .
